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ABSTRACT
In Japan, research on functional foods had humble beginnings about 30 years ago. It traced a unique path of development to
a mainstay of frontal food science. Meanwhile, nutrigenomics was launched as a comprehensive method for investigating total
effects of nutrients in the body. This can be applied to functional foods as well as nutrients. However, the data analysis needs
care. Since even functional foods contain a variety of compounds together with functional factors, the data inherently include
noises to a certain extent. Thus, there are often the case that inappropriate choices of experimental designs and statistic data
analyses lead to incorrect or even erroneous conclusions. Also, since foods cannot elicit physiological functions so efficiently as
pharmaceuticals, it is necessary to detect any minute change taking place after ingestion. Responding to the necessity, we must
elaborate research plans, select accurate experimental methods, and use suitable statistics. Taking those into consideration, our
group has been conducting functional food genomics, often with satisfactory results in several cases. Genomics can be applied
for safety as well as nutritional and functional evaluation. Though the nutrient requirement has been statistically established, no
genomic information is available regarding the risk of the inadequate or excessive intakes. We are assessing safety intake levels
of minerals.
Key words: functional food, safety, genomics, transcriptomics

INTRODUCTION
The idea originating in ancient China and practiced in
Japan as well — “Medicine and food are isogenic”— has
had a resurgence. Food is now recognized as supplying us
with more than just nutrients; it can help reduce the risk
of lifestyle-related diseases and associated abnormal modalities such as metabolic syndromes that lead to obesity,
diabetes, hypertension, etc., and immunological disorders
that cause cancer, allergy, infectious diseases, etc. The
current trend of reconsidering our foods as a first line of
defense against those diseases has grown with our increased understanding of food-related health benefits(1).
Against this backdrop, the terminology of “functional
food” as well as its concept was first proposed in Japan,
and the large-scale national projects “Systematic analysis
and development of food functionalities” (1984-1987)
and “Analysis of body-modulating functions of foods”
(1988-1991) were implemented under the sponsorship of
the Ministry of Education, Science and Culture. One of
the representative results from the project was a finding
of oryzacystatin as a tangible example of functional food
components; this is the first cystatin (proteinaceous cysteine proteinase inhibitor) of plant origin(2) which exerts
*

an effect of defending our body from the infection of human herpes virus. A typical functional food product derived from the project was hypoallergic rice grains effective against normal rice-associated atopic dermatitis
spreading in Japan. Evaluated on clinical intervention test,
the rice was approved as the first “food for specified
health use” product in 1993; it was then re-categorized as
a “food for medical purposes” by new legislation of the
ministry of Health and Welfare. The state of the art was
introduced by Nature(3) with the headline “Japan explores
the boundary between food and medicine”, which reminds us of the old Chinese saying (above).
In the meantime, a methodology “nutrigenomics”
came into being(4). It comprises transcriptomics as its
major element, but there is an emerging trend toward the
incorporation of proteomics, metabolomics and other
related omics fields. The integration of these new methodologies will be critically needed to assess an overall
effect of any particular food which is characterized by its
complicate heterosystem constituted with a variety of
components. This approach is critically important as a
new basis of other conventional ways of investigating the
effectiveness of food factors in part and functional foods
as a whole (Figure 1).
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Th1-related genes, were down-regulated. Human intervention test revealed that, when a salacia extract was
given per os, a positive effect was obtained as in this case
of the animal test. Phenomenologically, human intestinal
flora were also greatly improved(7).

Figure 1. Stratified methodologies for food functionality investi(5)
gations .

With it as a background, 32 food companies as member of the Japan International Life Science Society (ILSI
Japan) endowed the University of Tokyo in 2003 with a
chair (laboratory) named “Functional Food Genomics”
workable as an academian-industry consortium. The chair
is successfully in progress, with almost 40 papers published in impactful international journals up to now. Several case studies coming out will be introduced below.

GENOMICS APPLIED TO COMMON FOODS
I. Soy Protein Isolate
Fuji Oil Co. collaborated with us in genomic studies
on soybean protein isolate (SPI). Rats were fed a 20% SPI
diet for 8 weeks, with the phenomenological results that
blood triacylglyceride (TG) and cholesterol levels were
significantly decreased compared to a similar feeding
case with a 20% casein diet. Application of DNA microarray analysis to the SPI and control group rats showed that TG synthesis-related genes were down-regulated,
whereas cholesterol catabolism-related gene such as
CYP7a1 was up-regulated, with an increase in fecal acidic- and neutral-steroids excretion(Figure 2)(6).

Figure 2. Effect of ingested SPI on up- or down-regulation of
gene expression in the liver.

III. Turmeric Oleoresin
Kaneka Corporation revealed that administration of
herb turmeric oleoresin to obese diabetic mice resulted in
down-regulation of gluconeogenesis-related genes, while
up-regulations took place with many genes related to
glycolysis, fatty acid synthesis, β-oxidation, cholesterol
synthesis and cholesterol catabolism. These data suggest
the usefulness of the oleoresin for potential risk reduction
of metabolic syndrome(Figure 3) (8).

II. Salacia
Fuji Film Corporation is interested in the functionality
of salacia which has α-glucosidase inhibitory activity
against intestinal glucose absorption.
When 0.2 mg/kg body weight of a salacia extract was
given to rats for 13 weeks, a significant change in intestinal floras resulted. In datail, bacteria and bacterial components with immunostimulating effect on Peyer’s patch
as well as intestinal mucosa were observed. From DNA
microarray analysis of the intestine, it is found that the
expressions of immune-related genes, especially many
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Figure 3.

Up- or down-regulation of hepatic gene expression.

IV. Tomato and Paprika
Food as a whole can also be evaluated for its total
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functionality. Kagome Company tested tomato and paprika which contain lycopene, β-carotene and capsanthin
enough. To examine whether the gene expression in liver
is changed by the ingestion of tometo or pubrika, mice
were given tomato bevarage (TB), puprik bevarage (PB),
or water as control ad libitum for 6 weeks. The body
weight gains in the TB and PB groups were significantly
lower than those in the control group. Administration of
PB significantly increased HDL cholesterol level. From
hepatic gene expression analysis, it was conjectured that
TB ingestion promotes glycogen accumulation and stimulate fatty acid oxidation pathway. On the other hand,
PB ingestion promoted the entire glucose and fatty acid
metabolic pathways to improve lipid profiles(9).
V. Persimmon Peal
The Toyo Institute of Food Technology, which is related to Toyo Canning Co. was collaborated with us in
research of persimmon peal. Persimmon is cultivated in
the East Asian countries such as China, South Korea, Japan and Taiwan. Japanese people like dried persimmon
pulp, so the peel is wasted. But, functional compounds
such as carotenoids and polyphenols are rich in the peel
than in the pulp. Since persimmon peel extract (PPE)
contains carotenoids, primarily β-cryptoxanthin, we hypothesized that it would improve diabetes. To prove this
hypothesis, we did an animal experiment with GK rats.
Each of the rats was fed an AIN-93G standard diet, 1 kg
of which was mixed with 38 mg of the PPE containing
0.5 mg β-cryptoxanthin. The feeding for 12 weeks resulted in preventing diabetes. DNA microarray analysis

Figure 4.
rats.

VI. Linalool
Hasegawa Flavor & Flagrance Company presented
extremely interesting data showing that food functionality
and sensory property closely coordinates with each other.
(R)-(-)-Linalool occurs in numerous foods and flowers,
including lavender, lemon, mango and basil. Its characteristic aroma is important not only in formulating a variety of flavors and fragrances but also in eliciting a certain
kind of psycho-physiological effect. This study is the first
that demonstrated the stress-reduction by aroma inhalation(11). We set the 3 cases: a control rats without any restraint stress, a 2-hour restraint rat without any aroma
inhalation, and a 2-hour restraint rat under the control
mouse aroma stream. We then carried out genomic analysis of the blood. Hierarchical cluster analysis was done on
1695 stress and/or aroma responsive genes which passed
the filtering criteria. It was shown that in the first place,
the gene expression profile of the control rat is quite different from that of a restraint rat and also different from
that of a restraint, aroma-given rat; the difference is found
especially some gene expressions. Statistically, 115
among 696 genes were significantly altered by the aroma
inhalation. We noted that (R)-(-)-linalool inhalation
during the restraint significantly repressed the restraint-induced changes. Interestingly, up-regulated and
down-regulated genes under stress condition returned to
the control level with aroma inhalation (Figure 5).

Hepatic gene expression analysis of PPE administrated

revealed that the persimmon peel extract-containing diet
altered hepatic gene expression profiles. Especially, the
transcription factors, glycolysis, and fatty acid synthesis-related genes were up-regulated, while the
β-oxidation- and gluconeogenesis-related genes, were
down-regulated (Figure 4). This implies that insulin signalling pathway was significantly activated. Moreover,
western
blotting
analysis
showed
a
tyrosine-phosphorylated IRβ was significantly increased in
the PPE diet group, because of down-regulation of Ptpσ, a
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trans-membrane protein that dephosphorylates IRβ. In
brief, this study suggests that the PPE diet removes insulin resistance in GK rats, resulting-in-improving insulin
sensitivity to decrease a blood glucose level(10).

Figure 5. (R)-(-)-linalool inhalation during the restraint significantly repressed the restraint-induced changes in 115 gene probe
(11)
sets .

To explain a molecular logic of stress relaxation by
(R)-(-)-linalool inhalation, we looked at gene expression
profiling using a sample of hypothalamus as a stress response center. As a result, the inhalation under a restraint
stress-added condition was effective in up-regulation of a
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number of neuron differentiation-related genes for activating the processes of neuronal maturation, and also in
up-regulation of a number of transcription factors including immediate early genes (IEGs), which are representative-markers of neural activation. Also, up-regulation
resulted in heat shock protein-related genes that can be
associated with the suppression of stress-caused apoptosis(11).
The findings could largely contribute to adding a new
dimention to aroma research. Many of good aromas as
well as linalool may have a similar effect on humans.

up-regulated, whereas genes associated with oxidation
reduction, carboxylic acid biosynthesis and response to
nutrient were down-regulated. Further detailed analysis
showed that excess phosphate feeding induced the expression of phosphate transporter, NaPIIb.
This is also a new finding, since NaPIIb is thus
recognized to be involved in phosphorus excretion, and
may be used as a phosphate intake biomarker, since
NaPIIb mRNA is highly expressed in the medulla as well
as in the cortex of kidney(13).

VII. Iron

CONCLUSIONS

Food safety as well can be assessed by genomics. Our
food-intake criteria are generally determined by statistics.
It is also important to find out the recommendation range
at molecular level. We are carrying out case studies with
minerals to try to assess their safety intake range(12). It is
well known that severe deficiency of iron results in anemia. We found that, even in the case of non-anemic,
non-severe iron deficiency, some important genomic
changes took place, despite that there was no apparent
phenomenological change. What may be most important
is that gene expression changes precede physiological
phenomena. So, application of genomics can predict some
potential happenings. It is important to find out what iron
intake level would be most appropriate in normal nutritional and safety points of view (Figure 6).

Food functionality science has come into being from a
modern aspect of “Medicine and food are isogenic”. How
to evaluate the functionalities of whole foods as well as
their functional components is of pressing importance.
The use of genomics would be one of the most
appropriate for evaluating the potential functionalities of
common foods we consume daily. The safety intake range
of nutrients, particularly essential minerals, can also be
assessed at molecular level. It is added that the
significance of taking physiologically functional food
factors should be reconsidered from our sensory
cognition. Wholesome food with good taste would no
doubt be our first choice.
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